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Ethanol conversion to acetaldehyde is extensively studied because of the potential of acetaldehyde as 
platform molecule in a bio-based chemical industry. An innovative PdZn/Mg(Al)(Pd)(Zn)Ox catalyst has 
proven its efficiency for acetaldehyde production. An acetaldehyde selectivity of 98% was found independent 
of the conversion in the range from 17% to 30%. Upon feeding bio-ethanol, i.e., a 30wt% water in ethanol 
mixture, a reduction in acetaldehyde selectivity to 20% has been observed, in favor of methane and carbon 
monoxide. The selectivity could partially be restored upon feeding pure ethanol, but a regeneration cycle of 
H2-O2-H2-O2-H2 at 823K was needed to restore the original selectivity. Combining TPO, XRD and FTIR 
analyses suggests that the presence of water in the feed leads to a partial Zn extraction from the active 
particles and, hence the creation of adjacent Pd-sites, which are active for acetaldehyde decomposition.  
1. Scope 
In the search for alternative feedstocks to be used in the chemical industry, bio-ethanol and more particularly 
its conversion to acetaldehyde, has received renewed industrial as well as academic interest 1. In our previous 
work, an innovative hydrotalcite-based nanoparticle catalyst was proposed, PdZn/Mg(Al)(Pd)(Zn)Ox. After 
an activation with redox cycles, i.e., H2-O2- H2-O2- H2, at 823K, it proved to be highly active and stable for 
ethanol dehydrogenation to acetaldehyde with an acetaldehyde space time yield of 0.7 10-2 mol (s kgcat)-1 for 
more than 24h 2. The presence of a limited amount of Pd-rich particles caused a minor methane and carbon 
monoxide formation with selectivities of maximum 1%. This was attributed to the need for two adjacent Pd-
sites for acetaldehyde to adsorb in a bridged manner and decompose to methane and carbon monoxide 3. 
An important challenge in bio-ethanol valorization is the high amount of water, i.e., over 80wt%, and the 
azeotrope between ethanol and water 4. Conversion of an aqueous ethanol mixture into valuable products 
would, hence, provide a drastic cost reduction by avoiding the ethanol recovery. In this work, we investigate 
the stability of the PdZn/Mg(Al)(Pd)(Zn)Ox catalyst in the presence of water, taking into account that the 
bio-ethanol mixture has been concentrated in ethanol through a one-step distillation, which puts the 
composition of the mixture to 20-30% water in ethanol. 
2. Results and discussion  
A high-throughput kinetics mechanistic investigation set-
up, comprising 8 plug flow reactors with an internal 
diameter of 0.011m and a length of 0.9m,5-6 was used for 
the acquisition of so-called intrinsic kinetic data. A high 
selectivity of 98% to acetaldehyde is reported (Figure 1). 
The conversion changes from 17% at a space time of 20 
kgcat s mol-1 to 30% at 39 kgcat s mol-1. The product 
selectivities are essentially conversion independent.  
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Figure 1. Effect of space time on the selectivity of 
acetaldehyde (orange), methane and carbon monoxide 
(grey), and ethyl acetate (blue) at a temperature of 533K, 
total pressure of 0.5MPa, N2/EtOH–ratio= 20 mol.mol-1. 
 
In Figure 2, the feed was changed from pure ethanol to 
30wt% water in ethanol. The conversion remained 
unchanged. It can be seen that the acetaldehyde 
selectivity decreases from 98% to 20% in favor of 
methane and carbon monoxide. When changing the feed 
again to pure ethanol, the selectivity recovers to 70%. 
After regeneration by means of a cycled H2-O2-H2-O2-
H2 procedure at 823K, the selectivity is restored to its 
original level.  
Upon temperature programmed oxidation, no CO2 
evolved from the catalyst exposed to a water/ethanol 
mixture whereas it did from the catalyst used for a pure 
ethanol feed. It thus seems that no carbon buildup 
occurs under water containing conditions. 
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Figure 2. Effect of 30wt% water/ethanol on the selectivity of 
acetaldehyde (orange) and methane and carbon monoxide 
(grey) at a temperature of 533K, total pressure of 0.5MPa, 
N2/EtOH –ratio= 20 mol.mol-1. I: 100wt% ethanol, II: 
30wt% water, III: 100wt% ethanol, IV: regeneration by 
redox cycles at 823K, V: 100wt% ethanol 
XRD shows a peak at 41.9° for both samples, i.e., tested with or without water in the feed. This peak is 
characteristic for PdZn. It thus seems that the overall composition of the active particles is unchanged. This, 
however, doesn’t conclude anything on the local configuration of the particle.  
The local composition of the active particle was examined by means of FTIR. For the catalyst subjected to a 
water/ethanol mixture, a peak is present at a wavenumber of 1928 cm-1, which can be related to the presence 
of bridging CO. This adsorption state is not present on the catalyst subjected to pure ethanol. This indicates 
that two adjacent Pd-sites are available on the catalyst, which also explains the results of the steady-state 
experimentation, i.e., methane and carbon monoxide can only be produced from acetaldehyde decomposition 
by adsorption on two adjacent Pd-sites. 
Characterization of these catalysts with combined high resolution TEM and EDX will give a detailed view 
on the position of Zn and Pd in the active particle and thus explain how the catalyst changes during reaction 
with a water/ethanol mixture. The results available so far already suggest that Zn is extracted from the 
particle and oxidized on the surface, since Zn oxidizes at milder conditions than Pd. 
3. Conclusions 
For pure ethanol conversion on PdZn/Mg(Al)(Pd)(Zn)Ox, the acetaldehyde selectivity amounts to 98%. The 
selectivities only slightly depend on the space time and, hence, the conversion. Feeding bio-ethanol, i.e., an 
ethanol/water mixture, does change the selectivity to acetaldehyde drastically in favor of methane and CO 
production, i.e., an acetaldehyde selectivity of only 20% remained for a 30wt% water in ethanol feed, in 
contrast with 98% for pure ethanol. This suggests that the catalyst reconstructs upon a water containing feed, 
with the presence of adjacent Pd-sites as a consequence. It is probable that Zn is extracted from the active 
particle, for which confirmation will be pursued via high resolution TEM. The acetaldehyde selectivity is 
partially restored upon feeding 100wt% ethanol, but full regeneration requires the application of redox cycles, 
i.e., H2-O2-H2-O2-H2 at 823K. 
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